Prospective detection by Doppler color flow imaging of additional defects in infants with a large ventricular septal defect  by Chin, Alvin J. et al.
JAK t5. No. 7 
June t 163742 
clinical importance of successful prospective detection of 
From Ihe Divisions of Cardiology -ad Cardiutboracic Surgery. The 
Children’s Hospital of Philadelphia and the repayments of Pediatrics and 
Sulyij. tij’ir&i~ uf ~~ir~s~~~~~~~~ >l;hwi OI Medicine. Pbilade~phia, Penn- 
sylvania. This study was supported in part by the Ethel Brown Foerderer 
Fund, Philadelphia, Pennsylvania. It was presented in paart at the 38th Annual 
Scientific Session of the American College of Cardiology. Anaheim, Califor- 
anuscript received July 24. 1989; revised maausc~pt received Desem- 
ber 20. 1989, accepted January 5. 1990. 
: Alvin J. Chin, MD. Division of Cardiology. The 
Children’s Hospital of Philadelphia. 34th Street and Civic Center Boulevard. 
Philadelphia, Pennsylvania 19104. 
01990 by the American College of Cardiology 
ct does not nec- 
see if one or more of the 
The risks of closure of 
n of these 15 cases in which one of the 
setting of a known large defect. 
0735-lw7/90/$3.50 
1638 CHIN ET AL. JACC Vol. 15. No. 7 
DOPPLER COLOR FLOW IMAGING IN SEPTAL DEFECT June 1990: !637-42 
Study patients. Between January 1987 and February 
1989, 179 infants ~2 years of age with two ventricles of at 
least normal size and a large ventricular septal defect under- 
went reparative surgery. Fifty-seven had tetralogy of Fallot, 
17 had transposition of the great arteries, 45 had a perimem- 
branous ventricular septal defect and normally aligned great 
arteries (4), 18 had arch interruption or coarctation with 
associated large ventricular septal defect, 23 had a complete 
common atrioventricular (AV) canal (AV septal defect) and 
19 had miscellaneous diagnoses. One hundred forty-seven 
patients underwent Doppler color flow studies before any 
cardiac catheterization. The remaining 32 had undergone 
cardiac catheterization at other hospitals before referral to 
our institution and were included in this study because the 
echocardiographers did not have knowledge of the angio- 
graphic data before the Doppler examination. During the 
study interval, only two patients with a large ventricular 
septal defect were referred for surgery without catheteriza- 
tion; both weighed <2 kg and were excluded from the study. 
A large ventricular septal defect was defined by the 
presence of (invasively measured) right ventricular peak 
systolic pressure >2/3 systemic level (or left ventricular 
peak systolic pressure >2/3 systemic level in the case of 
transposition of the great arteries). During the study interval, 
only one patient had a true “Swiss cheese” septum (that is, 
only multiple small defects) and was excluded from the 
study. 
The reference standard for the presence of additional 
septal defects was intraoperative verification. If the surgeon 
did not visualize any additional defect, subsequent identifi- 
cation of the existence of a residual left to right shunt (at a 
site other than the patch placed to close the large defect) at 
postoperative angiography, postoperative Doppler color 
flow study or reoperation was considered proof. The use of 
Doppler color flow mapping to detect residual small defects 
(that is, no longer coexisting with a nonrestrictive defect) 
was assumed valid. 
Echocardiographic technique. As is customary in our 
institution, patients >3 weeks of age received 60 to 120 
m&g body weight of chloral hydrate orally before the 
examination. Patients ~3 weeks of age were not routinely 
sedated. 
Three subcostal sweeps (frontal, long-axial oblique, sag- 
ittal) (9) together with the tight oblique cut (10,ll) were 
performed. Parasternal short- and long-axis views and apical 
four chamber views were also obtained. A Hewlett-Packard 
77020 phased array color flow imaging system was utilized 
with 5.0 MHz short focus, 5.0 MHz medium focus and 3.5 
MHz medium focus transducers. A 2.5 MHz transducer was 
only occasionally employed because of its relatively large 
footPrint area. In the velocity color map utilized, flow 
toward the transducer is displayed in gradations of dark red 
to light orange, whereas flow away from the trans 
displayed in gradations from dark blue to 
ante is not displayed directly on this ma 
variance map on our imaging system was not routinely used 
because of our subjective impression that it was less sensi- 
tive in detecting small jets than the wide spectrum (“en- 
hanced”) velocity-only coIor map. Color Doppler gain was 
increased until white noise just appeared; the gain was then 
adjusted downward until the white noise was eliminated. 
Studies were stored on VHS format (half 
and reviewed in slow motion using a 
videocassette recorder and a 19 in. (48 
PVM-191OQ color monitor. 
An additional defect u’as diagnosed only if a jet could be 
discerned on the right septal surface and a zone of proximal 
acceleration (12) could be visualized on the left septal 
e (and vice versa for transposition of the great arter- 
ies). In other words, both “ends” of the ventricular septal 
pathway had to be displayed at some point in the study; 
ideally, ends should be displayed simultaneously. 
Angi hit ~~~~ni¶~e. Thirty-two patients (18%) un- 
derwent catheterization at other institutions and did not have 
repeat catheterization at our hospital before surgical repair, 
The remaining 147 ;8%) underwent catheterization in our 
laboratory. 
At our institution, acyanotic patients >6 months of age 
were routinely sedated orally with pentobarbital (4 mglkg) 
and meperidine (3 mglkg) (cyanotic patients >6 months 
received 3 and 2 mglkg, respectively.) Patients <6 months 
were not routinely premeditated. Left ventricular angiogra- 
phy was performed in either the long-axial oblique or the 
hepatoclavicular projection (common AV canal). All pa- 
tients had a left ventriculogram obtained with 1 to 2 cc/kg of 
contrast medium (meglumine or iohexol). Injection rates 
varied because some angiograms were performed with only 
injection pressure safety cutoffs and others with rate cutoffs 
(tailored to the particular catheter used); however, the goal 
was to deliver the contrast agent in <I s. 
Patient follow-up. Of the 179 patients, 19 died before a 
postoperative Doppler color flow study could be performed 
(4 with tetralogy of Fallot, 2 with transposition of the great 
arteries, 1 with perimembranous ventricular septal defect, 8 
Gth AV canal. 3 with arch anomaly and I with truncus 
arteriosus). Of the surviving 160 infants, 154 underwent 
Doppler color flow studies shortly before hospital discharge. 
Thirty-six patients have undergone postoperative catheter- 
ization (35 at our institution, 1 elsewhere), and 13 have 
undergone reoperation for residual intracardiac lesions. 
Data analysis. The findings of each diagnostic method 
were compared with the reference standard. The positive 
and negative predictive values were calculated together with 
the sensitivity and specificity. 
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7 TQF Small apical muscular No Yes 
8 Complete common AV canal 2 small anterior muscular Yes Yes 
9 cTGA; malalignment VSD ? small anterior muscular Yes 
10 TGA; perimembranous VSD Small poslerior muscular Yes 
I1 ToF* 23 Small iMkriOr b7KWXlar No No 
*Detected only by reoperation. AV = at~ove~tr~~~~ar; cKA = corrected transposition of the great arteries; TGA = complete ransposition of the great 
arteries; ToF = tetralogy of Fallot; VSD = ventricular septal defect. 
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negative predictive value of pier color flow imaging and 
angiography in the detection ditional small defects was 
0.95 (168 of 176) and 0.97 (168 of 174), respectively (Fig. 2). 
The semsitivity of Doppler color jlow imaging and angi- 
ography was 0.27 (3 of l!) and 0.45 (5 of It), respectively. 
The specificity was 6 (168 of 168) and 1 (168 of 168), 
respectively. 
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Figure 2. Comparison of the abiity of color Doppler echocardiog- 
raphy (echo) and angiography to prospectively detect additional 
ventricular septal defects in the presence of a large defect. t = 
detection: - = no detection. 
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in which Doppler color flow imaging demonstrated a small 
ventricular septal defect that two-dimensional echocardiog- 
raphy alone could not visualize. The tkst clinical series was 
reported by Ortiz et al. (2), who examined 31 patients in 
three groups: patients whose ventricular septal defect had 
been previously visualized by conventional two-dimensional 
echocardiography, patients whose ventricular septal defect 
had been diagnosed clinically but not by two-dimensional 
echocardiography and patients who had undergone surgical 
closure of ventricular septal defect. Color Doppler images 
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